PD 030126 USPAV (JP6 120599) 



19) Japan Patent Office (JP) 

11) Official Patent Application Release No. H6-120599 

12) OFFICIAL PATENT (A) 

51) Int. Cl.^ H 01 S 3/096; G 05 D 25/02; G 1 1 B 7/125; 
Identification Sym. & Internal Reg. No.: 7314-3H; 7247-5D 
43) Application Release Date: 28.04.1994 

21) Application No.: H4-267646; 

22) Date of Application: 6. 1 0. 1 992; 

71) Applicant 000005049: 

Sharp Inc. Ltd. 

Osaka pref Osaka Abeno-ku Nagaike-cho 22-22 

72) Inventor: Tomiyuki Numata 

Osaka pref, Osaka Abeno-ku Nagaike-cho 22-22 

Sharp Inc. Ltd. 
72) Inventor: Takeshi Yamaguchi 

Osaka pref. Osaka Abeno-ku Nagaike-cho 22-22 

Sharp Inc. Ltd. 
74) Agent: Hideki Yamamoto (lawyer) 

54) Invention Name: SEMICONDUCTOR LASER DRIVER 
57) Abstracts: 

[Purpose] To obtain a semiconductor laser driver, which can control at 
high speed and with high precision the amount of outgoing laser beam to 
an optimum value according to the irradiation position of a 
magneto -optical disk. 
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[Construction] 

A position detecting signal SI for detecting the position of an optical 
pickup with a semiconductor laser element 13 in a radial direction of a 
magneto -optical disk is passed to a gain adjustment circuit 24 and an 
offset adjustment circuit 23. A voltage signal S2, subjected to gain 
adjustment and adjustment of a direct current component, is passed to a 
non-reverse input of an operation amplifier 22. Whereupon, the transistor 
Tr2 turns on, the semiconductor laser element 13 is supplied with the 
erasure drive current IW. At this point the erasure drive current IW is 
turned to a reverse input of the operation amplifier 22 as the voltage drop 
in a resistor Re, connected to the transistor Tr2, producing a negative 
feedback. In this way, the current value in the constant current circuit 20, 
composed of the amplifier 22, the transistor Tr2 and the resistor Re, 
namely the driving current of the semiconductor laser element 13, is 
eventually controlled via the voltage signal S2. 

[Claims] 

Claim 1): A semiconductor laser driver, which comprises a current 
generating circuit that provides a semiconductor laser element with 
driving electric current, a position detecting sensor that detects a position 
of an optical pickup, a signal processing circuit that adjusts the gain and 
a direct current component of the position detection signal, outputted 
from the mentioned position detecting sensor, a current value control 
circuit that receives the output signal from the signal processing circuit 
and controls the value of current, received by the semiconductor laser 
element from the current generating circuit in order to obtain the value of 
outgoing laser beam, optimal for recording or erasing in accordance with 
a specific irradiation position; and thus enable the described driver to 
adjust the amount of outgoing laser beam of the semiconductor laser 
element, equipped in the optical pickup, according to the irradiation 
position within a recordable media by means of controlling the driving 
current value of the semiconductor laser element. 
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[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Use] The present invention refers to a semiconductor 
laser driver, equipped in a disk processing device using a 
magneto -optical disk as a recordable media, which enables recording, 
erasure, or reading information on the mentioned magneto-optical disk. 

[0002] 

[Currently Used Technologies] In this type of magneto -optical disk 
devices recording / erasure of information on a disk is performed by 
means of applying a laser beam of high output to magnetic pattern of a 
magneto -optical disk, aibject to vertical magnetizing. In this case the 
high temperature, emerged because of the laser irradiation changes the 
direction of magnetizing within the magnetic pattern toward the outer 
magnetic field. On the other hand, playback of the recorded information 
from a disk is performed by applying a laser beam of low output, which 
detects magnetized elements of the magnetic pattern. 

[0003] 

Therefore, magneto-optical disk devices of this type are provided with a 
semiconductor laser driver, which enables a fxed intensity of a laser 
beam, applied to a magnetic pattern, according to whether the current 
operation mode is recording, erasure or playback. Such semiconductor 
laser driver increases the intensity of a laser beam in correspondence to 
the proximity of the irradiation position of a magneto -optical disk, which 
rotates with a fixed angular velocity, to radial periphery of the disk. The 
reason for this is that in case a magneto-optical disk rotates with a 
constant angular velocity, it is necessary to increase intensity of a laser 
beam in correspondence to the proximity of the irradiation position of a 
magneto -optical disk to its radial periphery in order to always keep the 
same energy for a laser beam, because the closer is the irradiation 
position of the laser beam to the radial periphery of the magneto-optical 
disk, the higher is the relative linear velocity of the laser beam and the 



magneto -optical disk. 
[0004] 

Fig. 5 shows a semiconductor laser driver of such kind, e.g. that 
officially released under patent No. 62-257640. The following 
explanation refers to constitution and working process of the mentioned 
semiconductor laser driver. 

[0005] 

First, the working process during playback will be described. In this case, 
a playback activation signal 100 is sent to a switch circuit 110, which 
turns on. Then voltage Vref is applied to a transistor Trl through the 
non-reverse input of a operation amplifier 120. Due to this the transistor 
Trl turns on and playback driving current IR is applied to a 
semiconductor laser element 130, which emits a laser beam. 

[0006] 

The laser beam, emitted from the semiconductor laser element, is 
received by an intensity detecting element 140, which monitors the 
intensity of the laser beam. The intensity detecting element 140 
transforms the receive laser beam into an electric signal and forwards it 
as detection current to the reverse input of the operation amplifier 120. 
This detection current is sent to the transistor Trl as a feedback signal. 
The transistor adjusts the playback drivhg current IR by the feedback 
signal. Consequently, such circuit construction preserves constant 
intensity of the laser beam emitted from the semiconductor laser element 
130. 

[0007] 

Next, the working process during recording or erasure will be described. 
In this case the playback driving current IR is set to a record (erase) 
preprocessing value in a sample hold circuit (not shown on the picture). 
Then a record / erase signal (a signal for recording or erasure processing), 
outputted from the record / erase signal emitting circuit 150, turns the 
switch circuit 160 on or off That is, the connection point of the switch 
circuit 160 is switched between 'a' and 'b'. 
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[0008] 

During recording, the connection point of the switch circuit 160 is 
switched to 'a' as shown on the picture, and the recording / erasure 
driving current IW is emitted and, having overlapped with the playback 
driving current IR, is forwarded to the semiconductor laser element 130. 
Consequently, when recording information to a magneto-optical disk, the 
laser beam, emitted from the semiconductor laser element 130, is 
modulated according to the recording signal. On the other case, during 
erasure of information, the connecting point of the switch circuit is 
permanently fixed at 'a' and the level of the recording / erasure driving 
current IW is retained at a constant level. 

The value of the mentioned recording / erasure driving current IW is 
controlled through a resistance value in a restrictive resistor 180, 
currently selected by a selection circuit 170. This control is initiated in 
the CPU 190. For instance the selection circuit 170 has 4 on/off switches. 
Each of the switches is connected to the respective resistor Rl — R4 of 
the series of the restrictive resistors 180. Consequently, a control signal 
emitted from the CPU 190 turns on or off the switches of the selection 
circuit 170 in a definite pattern, which selects a necessary combination of 
restrictive resistors 180, which in their turn control the value of the 
recording / erasure driving current FW. 

[0009] 

As the semiconductor laser element 130 has emitted a laser beam, this 
control signal is also sent to the selection circuit 170 according to the 
position on the surface of a magneto -optical disk, in which the recording 
or erasure of information is currently performed. As was explained above, 
the closer the irradiation position gets to the radial periphery of the disk, 
the higher the relative linear velocity is and as a result the stronger 
recording / erasure driving current IW is necessary. For this reason the 
CPU 190 sends a control signal, demanded by the current condition, to 
the selection circuit 170 and the recording / erasure driving current IW 
increases gradually. 
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[0010] 

[Issues to be solved due to the present invention] However, the necessity 
of improvement of the signal quality emerged in response to the recent 
tendencies that require increase in density of information on a 
magneto -optical disk as well in recording speed and other processing 
parameters. For this reason, for efficient recording or erasure of 
information to a magneto-optical disk, the accuracy of control for the 
power of the laser beam (beam intensity) has to be advanced. 

[0011] 

In the example of conventional technology, shown on Fig. 5, this 
requirement is fulfilled by means of increasing the quantity of resistors 
Rl - R4 within the series of restrictive resistors 180, which makes the 
selection (changeover) process responding the current irradiation 
position more precise. 

[0012] 

Nevertheless, such construction has certain drawbacks: it is impossible 
to perform speedy control because the frequency of selection operations 
by the selection circuit 1 70 towards the restriction resistors 1 80 increases 
rapidly. Besides, only resistors of high precision are required to form the 
restrictive resistors series 180 so precision of gradual change of the laser 
beam power becomes inevitably limited due to its own construction 
features. 

[0013] 

For the stated reasons, the conventional technology, shown on Fig. 5, 
proves itself not responding the contemporary requirements for 
magneto -optical disk processing devices. Moreover, the range of the 
stated problem is not limited to semiconductor laser drivers in disk 
processing devices using magneto -optical disks as recordable media, but 
emerges in semiconductor laser drivers of other types of rewriteable 
optical disk processing devices or supplementary recording devices as 
well. 
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[0014] 



The present invention is designed to solve the described problem of 
conventional technologies and obtain a semiconductor laser driver, 
w^hich C£in properly respond contemporary issues in this field of 
technology by means of providing a fine control of the amount outgoing 
laser beam amount at high speed and with high precision to an optimum 
value according to the irradiation position of a disk. 

[0015] 

[Means of solution] The present invention attains the stated aim by 
obtaining a semiconductor laser driver, which comprises a current 
generating circuit that provides a semiconductor laser element with 
driving electric current, a position detecting sensor that detects a position 
of an optical pickup, a signal processing circuit that adjusts the gain and 
a direct current component of the position detection signal, outputted 
from the mentioned position detecting sensor, a current value control 
circuit that receives the output signal from the signal processing circuit 
and controls the value of current, received by the semiconductor laser 
element from the current generating circuit in order to obtain the value of 
outgoing laser beam, optimal for recording or erasing in accordance with 
a specific irradiation position; and thus enable the described driver to 
adjust the amount of outgoing laser beam of the semiconductor laser 
element, equipped in the optical pickup, according to the irradiation 
position within a recordable media by means of controlling the driving 
current value of the semiconductor laser element. 

[0016] 

[Functioning] Due to the described construction, a position of a laser 
beam of the semiconductor laser element installed in the optical pickup 
on an irradiated disk is detected by the position detection signal, emitted 
from the position detecting sensor. Then the gain and the direct current 
component of this position detection signal are adjusted in the signal 
processing circuit. The signal, processed in the signal processing circuit, 
is passed to the current value control circuit. The current value control 
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circuit controls the value of driving current, sent from the current 
emitting circuit to the semiconductor laser element in order to obtain the 
value of outgoing laser beam, optimal for recording or erasing in a 
specific irradiation position in accordance with the input signal. 

[0017] 

Consequently, this construction allows to perform direct control of 
outgoing laser beam intensity according to the current irradiation 
position of a laser beam of the semiconductor laser element because of 
high signal processing speed. Therefore, the control of outgoing laser 
beam is performed speedily and precisely for there is no need for 
changeover in the switch circuit that takes time and deteriorates 
precision. 

[0018] 

[Practical embodiment of the present invention] A practical embodiment 
of the present invention is described hereinafter. 

[0018] Fig. 2 shows a laser pickup of a magneto-optical disk device 
applied to the present invention. The laser pickup 30 is attached to a 
mover 32 of Vshaped profile. ^Fhe mover 32 can move to both sides 
along the tracking line (magneto-optical disk radius), indicated with the 
arrow T. The mover 32 is led by two parallel shafts 31, 31, which limit 
the mover 32 within the moving range. 

[0020] 

A reflector-coated board 33, which makes a long rectangular track, is 
attached to a side surface of the mover 32. This reflector-coated board 33 
is slightly inclined toward the moving range of the mover 32. That is, it 
is attached to the mover in a diagonal position, when its front edge is 
slightly higher than its rear edge. 

[0021] 

In this type of a laser pickup 32, a detection means that detects its speed 
and a current position is applied. The described sample features two 
reflective photo interrupters 34 as the detection means. These photo 
interrupters 34 are located opposite each other with the reflector-coated 
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board 33 between them, on fixation frames, which are not shown on the 
illustration. 

[0022] 

Upon such constitution, as the laser pickup changes position of the 
mover 32 on the radial direction of an optical disk, the distance between 
the board 33 and the photo interrupters 34 changes as well, and so does 
the detection beam, reflected by the board 33 and received by the photo 
interrupters 34. Both photo interrupters 34 are connected to a fluctuation 
amplifier (not shown on the illustration), which amplifies fluctuation 
outputs of the photo interrupters 3 4 and thus the current tracking position 
of the laser pickup 30 is detected through the detection signal emitted by 
the fluctuation amplifier. 

[0023] 

Fig. 3 shows an example of a detection signal of the fluctuation 
amplifier (hereinafter referred to as position detection signal S1[V]). 
This detection signal increases linearly as the laser pickup 30 moves 
towards the radial periphery of an optical disk. 

[0024] A semiconductor laser driver is installed inside the laser pickup, 
shown on Fig. 2. 

[0025] 

Construction of the invented semiconductor laser driver is described 
according to Fig. 1 . Comparing Fig. 1 with Fig. 5, it becomes obvious 
that the invented semiconductor laser driver does not contain any CPU 
190, selection circuit 170 or restrictive resistors 180, selected and 
combined by the mentioned two units. Instead, it features a fixed current 
circuit 20, which constitutes of a signal processing circuit comprising a 
gain adjusting circuit 24 and an offset adjusting circuit, an operation 
amplifier 22, a transistor Tr2 and a resistor Re. The current in the fixed 
current circuit 20 is controlled by means of a position detection signal SI, 
converted to electric voltage signal S2, thus providing an optimum 
outgoing laser beam intensity, according to the actual irradiation position 
of a magneto-optical disk. Construction and functions of the present 
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invention are explained below. 
[0026] 

First of all, let us explain the process of playback. In this case, a 
playback ON signal 10 is passed to the switch circuit 11, which activates 
the playback mode. Then a voltage current Vref is passed to the transistor 
Trl through a non-reverse input of the operation amplifier 12 and turns it 
on. As the transistor Trl turns on, the power source +V feeds a playback 
driving current IR to the semiconductor laser element 13, which 
produces a laser beam. 

[0027] 

The laser beam that emerges from the semiconductor laser element 13 is 
received by a laser intensity detector 14, which monitors intensity of an 
outgoing laser beam. The laser intensity detector 14 converts the 
received laser beam to an electric current and passes the latter to the 
reverse input of the operation amplifier 12 as detection current. This 
detection current is also sent to the transistor Trl as a feedback signal. 
The transistor Trl adjusts the playback driving current IR according to 
this feedback signal. Consequently, the intensity of a laser beam, 
produced by the semiconductor laser element 13 is controlled and 
preserved stable. 

[0028] 

Next let us explain the sequence of operations during recording erasure 
process. In this case, the playback driving current IR is set to record / 
erase preprocessing value by a sample holding circuit (not shown). Then 
recording / erasure signal is outputted by the recording / erasure signal 
generating circuit 15 and according to this the switch circuit 16 switches 
the connection to a recording / erasure mode. During recording process, 
when the switch circuit 15 switches to 'a' position as shown on the 
picture, record / erase driving current Iw is emitted as described below. 
The said record / erase driving current Iw is interpolated with the 
playback driving current IR and passed to the semiconductor laser 
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element 13. Consequently, during the recording of information to a 
magneto -optical disk, the laser beam, generated by the semiconductor 
laser element 13, is adjusted according to the recording signal. On the 
other hand, during erasure process, the switch circuit 16 remains at the 
'a' connection point and prescribed record / erase drivhg current Iw 
flows. 

[0029] 

The switch circuit 16 is connected to the collector of the 
aforementioned transistor Tr2. The emitter of the transistor Tr2 is 
connected to the resistor R2 and the base is connected to the output of the 
operation amplifier 22. The non -reverse input of the operation amplifier 
22 is connected to the offset adjusting circuit 23, which is connected to 
the gain adjusting circuit 24. 

[0030] 

The position detection signal S 1 , reporting the current position of the 
laser pickup 30 is sent from the aforementioned fluctuation amplifier to 
the gain adjusting circuit 24. ITie gain adjusting circuit 24 adjusts the 
gain of the position detection signal SI and forwards it to the offset 
adjusting circuit 23. The offset adjusting circuit 23 adjusts the direct 
current component of the received signal, and a voltage signal S2, 
obtained after this adjustment, is forwarded to the non-reverse input of 
the operation amplifier 22. 

[0031] 

As the voltage signal S2 reaches the non-reverse input of the operation 
amplifier 22, the transistor Tr2 turns on and the record / erase driving 
current Iw is passed to the semiconductor laser element 13. In this case 
as the record / erase driving current Iw is passed also to the reverse input 
of the operation amplifier 22, with its voltage reduced at the resistor Re, 
a negative feedback emerges. It means that this voltage signal serves as a 
feedback signal. Due to this, the current in the entire fixed current circuit 
20, and as a result, the driving current of the semiconductor laser element 
13 is controlled by the voltage signal S2. Hereupon, the record/ erase 
driving current Iw relates to the voltage signal S2 according to the next 
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formula (# 1 ) 



[0032] 

lw=S2/Re 
#1 

The position detection signal SI indicates the position of the laser pickup 
30 on radius of a magneto optical disk, namely the position of a laser 
beam, and the construction of the invented semiconductor laser driver 
allows to control of intensity of a laser beam, emitted by the 
semiconductor laser element 1 3 intensity by the fixed current circuit 20 
directly on the base of this position detection signal SI. 

[0033] 

Consequently, unlike any conventional semiconductor laser drivers, 
which control intensity of outgoing laser beam by means of changeover 
within the switch circuit, the invention features much higher speed and 
precision of laser intensity control in order to obtain an optimal intensity 
for any irradiation position. In this concern, the invented semiconductor 
laser driver answers contemporary needs for high density of information 
on a magneto-optical disk and well high recording speed. 

[0034] 

The following explanation concerns relation between the intensity of a 
laser beam for recording or erasure (subsequently referred to as 
recording / era sure laser power Pw) and the stated record / erase driving 
current Iw. Fig. 4 shows relations between relative linear speed and an 
optimal recording/erasure laser power Pw, figured out by inventors as a 
result of numerous experiments. However, the lower horizontal axis 
indicates relative linear speed [m/sec] and the higher horizontal axis 
indicates radial position of a magneto-optical disk at rotation speed 1800 
[rpm] on Fig. 4. 
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[0035] 

It is obvious from Fig. 4 that optimal recording / erasure laser power Pw 
at radial position 50 mm is 7.2 [mW], at 40 mm is 6.2 [mW], at 30 mm is 
5.2 [mW], and at 20 mm is 4.2 [mW]. 

[0036] 

Here, recording / erasure laser power Pw, and each the voltage signal S2, 
and the record / erase driving current Iw are in proportional relations. 
Therefore, when the voltage signal S2 is generated from the position 
detection signal SI through the gain adjusting circuit 24 and the offset 
adjusting circuit 23, it is possible to control recording / erasure laser 
power Pw directly with the position detection signal SI. 

[0037] 

As an example, when the relation between the recording / erasure laser 
power Pw and the record / erase driving current Iw is Pw = 0.2 Iw, and 
the capacity of the resistor is 100 Om, Pw = 0,002 S2. Consequently, if 
the gain of the position detection signal SI shown on Fig. 3 is adjusted 
by 0.3 at the gain adjusting circuit 24, and the direct current component 
is adjusted to -M.6 [V] offset at the offset adjusting circuit 23, then the 
voltage signal S2 value becomes 2.1 [V] at 20 mm and 3.6 [V] at 50 mm 
position. 

[0038] 

Therefore, from the relation Pw = 0.002 S2 optimal recording / erasure 
laser power Pw for each 50 mm and 20 mm position (that is 7.2 [mW] 
and 4.2 [mW] respectively) can be easily obtained. It explains how he 
invented semiconductor laser driver can set the intensity of an outgoing 
laser beam to an optimum according to each irradiation position of a 
magneto -optical disk. 

[0039] 

[Efficiency of the Invention]: As explained before, due to the invented 
semiconductor laser driver laser pickup position detection signal, emitted 
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from the position detecting sensor has its gain and direct current 
component adjusted in the signal processing circuit and is passed to the 
current value control circuit, which controls the value of driving current, 
sent from the current emiuing circuit to the semiconductor laser element 
in order to obtain the value of outgoing laser beam, optimal for recording 
or erasing in a specific irradiation position in accordance w^ith the input 
signal 

[0040] 

Therefore, the control of outgoing laser beam is performed speedily and 
precisely for there is no need for changeover in the switch circuit that 
takes time and deteriorates precision. This answers contemporary needs 
for high density of information on a magneto -optical disk and well high 
recording speed. 

[Brief review of the attached illustrations] 

Fig. 1 - Circuit constitution of the invented semiconductor laser driver; 

Fig. 2 - Cross-dimensional drawing of a laser pickup and its position 
detecting sensor; 

Fig. 3 - Graph chart of relation between the position detection signal 
value and the position of a laser pickup on an optical disk; 

Fig, 4 - Graph chart of relation between relative linear speed and an 
optimal recording / erasure laser power; 

Fig. 5 - Circuit constitution of a conventional semiconductor laser driver. 



[Legend] 
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[0 0 2 0] Rjsbflc3 2<o-mmm\z\t. »m:^fi]\z^ 
Mnsit«3 3(^. »Wi:^\^\zn\yxmMzm»iyX\^> 
r) h:i>{^±\zvftmm^»x'«im»3 2izm^m'f^n 

[0 0 2 1] 2:offl<D^if-/i^T!y::/3 0Jc«, 

^>i5^5:/i5^3 4. 34*^r-rSo 

3 4 > 3 4 «tai2MffiRit« 3 3 S»A/T JiTlZ Jtl«]fi 

So 

[0 0 2 2] :i<o^^fs,mmz^\,^x. %\Lv^yv^ 

3 0 3&tpJiii*3 2i:*rc*aa5*-<Xi^O*«;6F|fiJlC» 
Bft-rst, MMKI^«3 3 t±To:7:t h-r>i5^^:/i5^ 
34. 3 4<i:<7)^^yy?&t^{l:U, MffiSlW«33{CJ: 
t>TRIt$n> :7:t h'f>i5'^P^3'3 4. 3 4lC<fcoT 
S3t$nstta>tfi7&t^^t;t'S<. h'1'>r5'^:/^3 

4, ZA\Z\%.myi^Y^>^'7^^ZA.^ 34CD^ffil 
*y::/3 Oa>h7!y4^>i?^<ttS*tfifttfJStlSo 
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(4) 

5 

CO 0 2 3] m3\:immmm^^(D^mm^^^'ro las 

[0 0 2 41 ft^. 02tC:feliT, *fcr^y^r!y:/3 0 

[0 0 2 51 B 1 tCfi£Vi*«|go¥««:W-ifJK 

ct^lC, *«0>gc^^«#:U-1f«gS!j^®"t?«> CPU19 
0. a«lHlttl70:fecfctfc:tie{cJ:t>T«jW«)ffi'&i3:*«a 

2 3 &WrS«^ffl3ffi|5l»i:. il^^T>^22. 
e^X5'Tri:fe<fct5^fiiRBT«}fiJc$nSfe@fiS[Hlg&2 0 

&«»[5l»2 0<0@a£M%«irffiIU cn(C<l:D¥«ft:!^ 

--if^^i 3<^)aii*^S7!>^5ta^7^><xt57tc«-r5fi8i+ 

[0 0 2 6] n±m\z^i^^mmzr:>\^^TmMr 
iic^iten, X'i'';^^iPi»fti i^toNTs. -e^r* 

Tridt^ilfS. h9>':^X^Tri*t»51-r«»i:. 
flcW—lfS^l 3fc®?II+V;5>e)H^]i5i!im«Ert*^« 

i&$n, tf^Ti 3 75^e.u-if5fe75i^ffiit$n 

[0 0 2 7] #^^l/-tfl^Tl 3j5^e>Wlt$nfcl/- 

Ta>esn«* »fittffl«^i 4^, «3t*fi&3t«« 

Jl <Z)ttm«i«tt h ^ > e^X 5^ Tri 7 ^ - hV\* 1^ m# 

[0 0 2 8] »i\z. w,mym^mmz^uxf$imT^. 40 

TX-f y^lHllft 1 6 CDX-f !y^SEjlS«flB3&t«S|;li&n 

mnmii\zmmi^tix^m^\y-^m^i siz^^^ 
ns. figoT, 3taat^5^>f x^fc^T-stf^^T^iais^^jc 50 



^m^e-i 2 0 5 9 9 

6 

\t. ^^»m^\z(^^\:^x^^m»u-1fm^l 3f)^^mm^ 
n^]y-ifm^^m-^n^^h\zu^. mmo^m 

[0 0 2 9] 7.^^y^m^i e\z\mm(oh^>-Jxd^ 

TrtOaU^^midmm-^tlX^'^^o h7>>?X^Tra 

J5;^±Oh^>i^X^Tr2. :t^T>::/2 2;feJ;r;S 
tn:RBT^@SSlfiIK2 Od^fll^^n^o M^X. 

>:/2 2 0|PS<5A:^lcl3:, *:7'ir!y hmm\^^2 sifi 
mi^-^n. f^:ty±yhmmm»2 3\z\tv^>mmm 

[0 0 3 0] y< >iisiisisiK 2 4 tc«. ±iBos«iia« 

ggd^ G» * kf ty ^5^ T :/ 3 0 co(fe®<fttHm^ S 1 A e 

y^>ii8»iHi»2 4«2i<7)ttBiftHjm^si(oy 
^>^mi&\^x:ty±yhmmmn2 3\zmf3r^. ^ 

mm^(of^Bim^st^^^r>:f2 2(D^w^xii\z 

[0 0 3 1] ^^7>:f2 2a>^^^mcKii\z^m^s 

u-^m^f- 1 3 {ciB»?^^]Ks«i®«! 1 1 fimm^n^. 

\^x't^7>^2 2(l>K^xti\z^^^^n. m^nm^ 

LT^A6n«>. -en«s:. ^««Ei5iiS2 ocomdSM, 
fs.t>%fki^mz^mv^v-ifmi'X zoumtmtt^^K. 
m^s^yz^-^xum-^n^. :icx. m&m^stLm 
»m^mw}mmut(Dm\z\t. mrrfs^o^xmrm 

[0 0 3 2] If = Si/Rb-<» 

&mmmmnsi\it±m(D^^\zyt\fy^7y 
:/3 oco¥ffi:^fRic?5teB, xi^ic^t 

S:::^^^®«tIeI8&2 0^:/hUr¥»#:ix— tf«^l 3 0 

mst^^m^i5:mz^^cx\^mmmr^m^^t^>. 

[0 0 3 3] SeoT, X-f ^y^IiI»<D^»A«jf^tC<tD 

mwjmmt^t^rsir)^ u-'^f^om^^m^m^ikmiz 

[0 0 3 4] £AT(C. 4'^l>b|2em*ffl<Z>V— if^tecoa 
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(5) 

7 

1800 CrpmD i: U;^i^<D3tfflt^5^>r X^CD^Sffi® 

[0 0 3 5] 04J:O. ^^m^V-^n^-Vj<r>^ 
mum%s ^^5 OmmcofiilT?. 2 CmW) . ^1^^ 

4 0mm(Dfte-C6. 2 CmW) , OmirKDfi:© 
T5. 2 CmW) , ^^2 0mm©ffiaT4. 2 [m i(? 

[0 0 3 61 ta^f^^u—ifnc^-Pt. tali 

l5l»2 4S:frbTmBE^^S3S:^^t-nti. (4®«^tti 

s 1 tCcl: o TffiStN* k-if z'? y - P t ^ w&mn 

[0 0 3 7] 0y;^t^, -0|J^:LT, w^m^v-'^nv 
-p.i:fa»m*ffli^®(imssif p. = o. a? 

2 If ^iLT, fitfiRE<7>ffilaffl^lOO CQ3 iiTnt^, 
Pi = 0. 0 0 2 S2t;^j:^o fi^oT, HSJC^^tl-Stt 
®tftam#SiC0>^<>S:y'1'>illSleIg&2 4T0. 5 
:t7-fe^; MiSl5lK2 3TitM^^«r+ 1. 6 

CVD ;^'frt:t:7-feiy h-rs^, ^^2 OmmOffiKTCO 
«JE©^Sf (?DMti2. 1 CV] . 5 0 mmcDfiCg 
•CttS. 6 CV] ^;a:«o 

[0 0 3 8] t^£oT, Pf =0.002S2CO§i^J:D, 

5 0 mm, 2 0mmC0{fi:eT^nHenS3B?^fa®m*U 

— 1f/'«y— Pf (=7. 2 CmW , 4. 2 CmW] ) 30 

!f«^l 3 0ffllt5taSit««5BO{BfC«l« 

[0 0 3 9] 



«rM¥6-l 20 59 9 

8 

[0 0 4 0] t3^oT> :^^*:/^l5lB©«Jttl6!IW^:V>t3/S: 
[igBcDfH^;^^^] 

[01] *«ig<D^«f*:l/— »fKKl«®OJiI»«^$^ 

[03] 3tfcr»yi^7!y:/Ott«^»mt"'5tt««mm# 

[04] «iSlSa:l2»IB*U'-if/X«7-a:«>H«&^-r 

[0 5] «*c04^»«:U~1fKaiSB<0lPl»«i«€:^f 
[§I^0. 
[«F^<^iJiW] 

11 X<^;/5^lHl» 

1 2 

13 ¥^^*:W~1f«^ 

14 3^«a«^ 

15 tmm^m^^^mk 

16 X-f-z^^IsIR 

2 0 "^^mm^ 

2 3 :t:7t:y hlS^lHia 

2 4 vomwmi 

Tri, Tra h^>i^X^ 

Si ttB»me# 

Pf ^^m^v-^n^- 
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(7) 



2 0 5 9 9 



m2] [@)3] 




[04] 

^it (mm) (leOOrpm) 

20 30 AO 9D 
1 1 1 ri 




4 6 8 10 



[05] 
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